We examined the association between the angiotensin I-converting enzyme (ACE) I/D gene polymorphism and isometric handgrip (IHG) training on cardiovascular and muscular responses among normotensive males. Thirty (II = 10, ID = 10, and DD = 10) normotensive untrained males underwent IHG training at 30% of their maximal voluntary contraction 3 days per week for 8 weeks. Cardiovascular and muscular variables were measured before IHG, after a session of IHG and after 8 weeks of IHG. No significant interaction effect was found between ACE I/D genotype and IHG training session on all dependent variables (all p > 0.05). There was a significant main effect of IHG training session on systolic blood pressure (SBP) (p = 0.002), mean arterial pressure (MAP) (p = 0.015) and handgrip strength (HGS) (p = 0.001) scores, while no difference in diastolic blood pressure (DBP), pulse pressure, or heart rate scores was found. Received : 2017-07-27; Reviewed: 2017-11-05; Re-submitted: 2018-10-12; Accepted: 2018-10-13; Published: 2018-11-05. for 4-10 weeks [11, 12] is more effective at lowering resting BP than endurance and dynamic resistance exercise training.
INTRODUCTION
Resistance exercise training, which has not been previously recommended for blood pressure (BP) management in hypertensive patients [1] , has been shown to lower resting BP in normotensive and hypertensive individuals [2] [3] [4] [5] . Reductions of 3 to 4 mmHg in resting systolic and diastolic BP were observed following four weeks of resistance exercise training [5] . Meanwhile, in another meta-analysis study conducted by Cornelissen and Smart [6] , the largest reductions in resting BP were reported following the isometric resistance exercise training (systolic: -10.9 ± 2.86 mmHg), diastolic: -6.2 ± 3.34 mmHg) compared to after endurance (systolic: -3.5 ± 6.01 mmHg, diastolic: -3.7 ± 3.92 mmHg) and dynamic resistance exercise training (systolic: -1.8 ± 4.85 mmHg, diastolic: -2.5 ± 3.29 mmHg). It has been suggested that an isometric exercise training protocol consisting of four sets of 2-minute handgrip [7, 8] or leg contractions [9] at 30-50% of maximal voluntary contraction (MVC) [2, 10] with 1-4 minutes of passive rest between each contraction [2, 7] performed 3-5 times per week
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aldosterone stimulating peptide, besides activating bradykinin, a potent vasodilator that leads to a drop in BP [24] . Hence, given that the ACE I/D gene polymorphism has an important role in BP regulation, the BP response to exercise training may vary among individuals with different genotypes of ACE I/D gene polymorphism.
The influences of the ACE I/D gene polymorphism on BP in response to exercise training have been investigated previously, but the results have been inconsistent [25] [26] [27] [28] [29] [30] [31] . It has been reported that the observed that ACE levels were higher among individuals with the DD genotype, followed by those with the ID and II genotypes of [25, 27, 29] and dynamic resistance [31] exercise training. On the other hand, Hagberg et al. [26] reported a greater drop in resting BP among hypertensive men with the II and ID genotypes compared to those with the DD genotype after 9 months of endurance exercise training at 75-85% of maximal oxygen consumption. Zhang et al. [28] reported similar results for the impact of the ACE I/D gene polymorphism on BP response to 10 weeks of exercise therapy on a bicycle ergometer among 64 Japanese participants (16 males, 48 females) with mild to moderate essential hypertension. In contrast to these results, Kim [30] observed that adult women with the DD genotype had greater reduction in BP (diastolic) than those with the II and ID genotypes following 12 weeks of combined aerobic and resistance exercise training. The reasons for these inconsistent results are unclear, but differences in sample sizes, training protocols and ethnic background of the participants for eliciting substantial changes in resting BP may be involved. There is also a possibility that the effects of ACE I/D gene polymorphism on BP in response to exercise training may vary depending on the ethnic origin, which could explain the different findings in Korean and US populations as investigated by Kim [30] and Hagberg et al. [26] , respectively. Ethnic variation has been demonstrated to exist in the distribution of ACE I/D gene polymorphism, with the highest frequency of the I allele being reported in the Black (Australian Aboriginal) population (0.97) [32] , while the D allele was reported to be highest among the Caucasian population (0.77) [22] . Based on the previous reports that the distribution of ACE I/D gene polymorphism varies across ethnic groups and the disparity in findings between different ethnic groups, populationspecific/ethnic-specific research is suggested to control this potential bias.
Based on the above-mentioned findings, there is a possibility that the ACE I/D gene polymorphism might also influence the BP response to isometric exercise training. More specifically, it raises the question of which if any ACE genotype group would be likely to benefit from this exercise programme. To our knowledge, no study has investi- 
MATERIALS AND METHODS

Study Design
A single-blind, repeated measures study design was used in the present study. All participants underwent identical cardiovascular and muscular assessments before training (pre-training), after the initial acute exercise session (post-exercise), and after 8 weeks of training (post-training). They performed isometric handgrip (IHG) exercise 3 days per week for 8 weeks. All assessments and IHG training were performed under the supervision of the researchers and were conducted in a quiet, temperature-controlled room (20-25ºC) . The 
ACE I/D Genotyping
A deoxyribonucleic acid (DNA) sample from each participant was collected using a buccal swab with a sterile swab applicator (Classic Swabs by Copan Flock Technologies, Brescia, Italy). Genomic DNA was isolated from the swab samples using the GeneAll Exgene Cell of all variables in each visit was discarded (due to the white coat effect), whereas the remaining three measurements were averaged over the three visits to represent the pre-training value [8] .
One hour after the initial training session (post-exercise), the cardiovascular and muscular variables were assessed using the procedure described above to examine the acute effects of IHG exercise [36] .
Considering the white coat effect following one hour of exercise, the first and the second measurements were discarded, whereas the last two measurements were averaged to represent the post-exercise value [36] .
For 3 consecutive days after 8 weeks of training (post-training), the cardiovascular and muscular variables were again assessed using the procedure described above. The measurements of cardiovascular and muscular variables were averaged in the same way as described for the pre-training value to represent the post-training value [8] .
Statistical Analysis
The descriptive data are presented as mean ± standard deviation 
Isometric Handgrip Training
Before every training session, the left and the right hand MVC values of the participants were assessed to reassess daily MVC of the participants with two attempts on each side (contraction duration 
Cardiovascular and Muscular Assessments
Prior to measurement of the study variables, the participants were asked to refrain from performing vigorous exercise and consuming caffeinated beverages within 24 h before the assessments. A hand- York, USA), with the level of significance set at p < 0.050. 
RESULTS
Characteristics of Participants
Cardiovascular and Muscular Responses in the Whole Samples
ACE I/D Genotype and Cardiovascular and Muscular Responses
Cardiovascular and muscular variables among ACE genotype groups (II, ID, DD) at pre-training, post-exercise and post-training are shown in Table 3 . Two-way repeated measures ANOVA revealed no signifi- and DD (76.7 ± 2.1 mmHg) genotype groups ( Figure 3) . However, Table 4 shows that the DBP reduction was greater in the ID genotype group (-1.76 ± 5.7 mmHg) than II (-1.43 ± 3.7 mmHg) and DD (-1.11 ± 4.4 mmHg) genotype groups, though it was not significantly difference from pre-training values. (Figure 4) . However, (Figure 7) . However, Table 6 shows that the MAP reduction was significantly and then compared to the data of the II genotype group. Table 5 shows the cardiovascular and muscular variables at pre-training, (Table 4 ) and additional analysis by using the dominant model ( Table 6 ).
The current study showed that cardiovascular responses to IHG training varied among normotensive individuals with different ACE I/D genotypes. Consistent with the results obtained by Kim [30] , this study revealed that normotensive men with DD and ID genotypes tended to have decreased resting SBP and HR with IHG training more than those with II genotype (Table 6 ). Nevertheless, this finding was not comparable to the findings obtained from some previous studies [26, 28] which showed that individuals with the II genotype had lower resting BP than other genotypes after exercise. This inconsistency may be due to the differences in the mode of exercise performed, as for instance a study by Kim [30] which involved mixed aerobic and resistance exercise training compared with only aerobic training (endurance training) in a study by Hagberg et al. [26] . Several studies have demonstrated that the physiological adaptation for aerobic training was greater among individuals with the II genotype and those with the DD genotype responded better to resistance training [37] [38] [39] . Thus, the inconsistency between the above-mentioned studies may be due to differences in the intensity of exercise per-
formed.
At present, the mechanism by which isometric exercise training elicits a reduction in BP has remained unclear [40] . Wiles et al. [41] suggested that the rise in BP during isometric exercise will stimulate the baroreceptors, which are sensory afferent nerve endings located in the carotid sinus and the aortic arch. When the BP is elevated, the baroreceptors are stretched and result in a reflex-mediated increase in parasympathetic nerve activity, as well as a decrease in sympathetic nerve activity [41] . Consequently, it causes a decline in the heart rate, while the diameter of blood vessels increases and further leads to a drop in the BP [41] . Moreover, it has been suggested that the reduction in BP after isometric exercise training is related to the repeated power of hydrogen (pH) changes due to muscle fatigue and lactate production that act as a metaboreceptor stimulus [42] , augmentation in vasodilator substances, for instance, nitric oxide (NO) [43] , and reduction in peripheral vascular adaptations [44] .
Data from the HEalth, RIsk factors, exercise Training And Genetics (HERITAGE) Family Study suggest that reduction in BP after exercise may be influenced by genetic factors [45] . In this regard, the ACE gene was initially believed to influence the BP response to exercise [19] [20] [21] due to its role in the RAS. Rigat et al. [23] reported that individuals with the DD genotype had higher ACE activity compared to those with the II genotype. A higher level of ACE in the circulation and skeletal muscle renin-angiotensin system (RAS) would increase the production of angiotensin II (ANG II) [46, 47] . Nevertheless, ANG II has different effects on circulating and skeletal muscle RAS [46] . In circulating RAS, ANG II binds to several receptors that construct the blood vessels to increase BP [47] . However, ANG II in skeletal muscle RAS stimulates the production of angiotensin (ANG) (1-7) peptide, a potent vasodilator that causes a decrease in BP [46] .
As this study employed IHG training that particularly involved the contraction of skeletal muscle, the reduction in SBP and HR in individuals with DD genotype observed in this study might be interpreted as due to high production of ANG (1-7) during exercise.
Nonetheless, the present study did not measure the components of the skeletal muscle RAS. This therefore warrants future studies to confirm this possible mechanism.
The greater reduction in SBP and HR among DD genotype carri- values. This speculation is supported by the fact that those with higher resting BP, such as hypertensive patients, present greater sympathetic activity at rest [49] , which could lead to greater hemodynamic responsiveness to sympathetic activation [50] .
The findings of the current study reaffirm previous reports of a reduction in resting BP after 8 weeks of IHG training among normotensive individuals [7, 8, 12] . Similar to previous studies [7, 8, 12] , this study found that 8 weeks of IHG training significantly decreased resting SBP, MAP, and PP by 4.2 ± 6.1 mmHg, 2.4 ± 4.2 mmHg, and 2.8 ± 6.3 mmHg, respectively (Table 2) . However, no significant difference was observed in resting DBP after the IHG training programme, which was similar to the observations of Badrov et al. [12] in normotensive women. However, the reason for the lack of change in DBP following 8 weeks of IHG training remains unclear. The underlying mechanism could be that DBP has a smaller range of values than SBP, which would limit the maximal change in DBP value [51] .
Future studies with larger sample sizes may increase the chance of discovering a significant difference.
Concomitant with the reduction in resting BP, resting HR was also significantly lower after 8 weeks of IHG training in this study (Table 2) .
This decrease was similar to that reported previously by Singh et al. [52] . In fact, previous studies have suggested that the decrease REFERENCES size in each genotype group may have been too small, and further, larger studies are required to confirm these results. The present study did not include a non-exercising control group to reduce the variability of the results, as the study was primarily designed to investigate the effects of ACE I/D gene polymorphism on IHG training adaptation by comparison among genotype groups. Despite this limitation, the current results remain valid and applicable, as the participants in each group were relatively homogeneous in terms of sex, physical characteristics, health status, and ethnic background.
The training intervention was standardized, and the same trained investigator conducted all the training sessions.
CONCLUSIONS
In conclusion, the present study showed that individuals with 
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in resting BP and HR may be due to a reduction in sympathetic nerve activity during IHG exercise [2, 53] . When BP is elevated during IHG exercise, the baroreceptors are stretched, resulting in a reflex-mediated increase in parasympathetic nerve activity, and a decrease in sympathetic nerve activity [2] . Consequently, it caused the decline in the heart rate, while the diameter of blood vessels increased, leading to a drop in the BP [2] .
Besides resting BP and HR, the present study also showed that 8 weeks of IHG training significantly improved muscle strength (Table 2 ). The increase in muscle strength observed in the present study is consistent with results of previous studies demonstrating that IHG exercise at 30% of MVC improved muscle strength [9, 54] .
Considering the significant changes in resting BP and HR as well as muscle strength following IHG training, the training protocol adopted in the present study may be prescribed as part of lifestyle modification for maintaining a desirable BP level.
Comparable with the findings of a cardiovascular response to IHG training, a significant reduction in cardiovascular variables immediately following the first session of IHG exercise was observed (acute effects) ( Table 2) . Resting SBP and MAP were significantly reduced by 3.2 ± 7.2 mm Hg and 2.7 ± 5.8 mmHg, respectively, in response to acute IHG exercise. These findings indicated that IHG exercise may provide substantial benefits for hypertensive patients by lowering their resting BP and HR for a period of time after acute isometric exercise exposure. Nevertheless, for individuals with uncontrolled hypertension, the IHG exercise can cause a temporary increase in BP due to the increase in muscle tension. Hence, to prevent any potential risk, the IHG exercise should be performed at low intensity (30% MVC) and needs to be closely monitored by the clinician.
Although the present study has yielded some useful findings, there is a limitation that should be taken into consideration. The sample
